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Introduction:
Recently it was realized Lr(at the design for the RF flex bands inside the vacuum bellows in the storage
ring straights need to be 'designed to avoid any bowing of the bands as this could cause RF heating.
Bowing of as little as Imm could cause sufficient RF heating to expand the flex bands causing
additional bowing and heating. This requirement along with the fact that we expect to install these
assemblies at 21° C and to eventually operate at nominally 24° C, required us to re design the flex band

assembly.

This note describes the design that we expect to implement and records the expected thermal
movements. A prototype will be fabricated and RF tested as soon as possible.

Criteria used for design:

Assume that installation will be done at 21° C,

* Thermal stabilization nominal temp. is24° C+1° C
Because high temperatures can cause the flex bands to bow causing heating and probable damage, we
design for extra safety factor on the high end. Use 29° C as a temp. at which the bands will start to bow.
On the lower end of the temperature tolerance use 17° C as the limit for operation.
Normal operating temp. of these assemblies is designed to be 27° C to 18° C with a 2° C safety margin
on the high end and a 1° C safety margin on the low end.

Contents of this note:

Page 2 Drawing showing dimensions used for thermal deflection calculations
Page 3 Spread sheet showing deflection calculations

} Page 4 Sketch of design showing thermal and installation tolerances

| Page 5 Summary of thermal and mechanical tolerances

Page 6 Flex band bowing during baking
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ESTIMATED RF FLEX JOINT DEFLECTIONS

Assume the following:
Initial installation of flex joint is at 21 deg C (69.8F)
Case 1 = Everything heats to 27 deg C (80.6F)

Case 2 = Everything cools to 18 deg C (64.4F)
Case 3 = Bake aluminum to 140 peg C (284F) (Girder at 21 C...69.8F)

Steel = 12 x 10-6 in/in/C
Alum = 22 x 10-6 in/in/C

0.000012
0.000022

211027 = +6deg C
211018=-3deg (_

51192
Tom Henderson

FLEX A (nominal length = 3.6)

FLEX B (nominat length = 2.7)

FLEX C (nominal length = 2.7)

FLEX D (nominal length = 3.6)

31-29=102

*

Officially R
Releasdd: May 1.

(Thermal deflections of RF flex joint bands are assumed 10 be neglagible for changes in temp of 4 to 6 Deg. C from nominal)
(Thermal movements of concrete floor are not considered in these Calcs)

R
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Girder elong sect cbr elong’ flex A Girderelong  [Spoot elong|flex B Girder elong |Spool elong [flex C Girder elong  |sect cbr elong {flex C
(L=196.8) (L=193.2) |shorten |[|(L=224) {L=99.2) |shorten |[(L=2144) (L=99.2) |shorten ||{L=226.4) (1.=222.8)  |shorien
Case 1 0.014 0.026 0.011 0.016 0.013 0.029 0.015 0.013 0.029 0.016 0.029 0.013
all change 0.019 0.015 0.034
+6 deg. C (+7 deg C)
FLEX A FLEX B FLEXC FLEXD
Girder shorten  [sect cbr short|flex A Girder shorten |Spool short |flex B Girder shorten | Spool shorten{flex C Girder shorten|sect cbr shortriflex C
(L=196.8) (L=193.2) [longer (L=224) L=99.2) |longer (L=214.4) {(L.=99.2) lengthen =226.4) (L=222.8) longer
Case2 0.007 0.013 0.006 0.008 0.007 0.015 0.008 0.007 0.014 0.008 0.015 0.007
w fall change 0.011 0.009 0.019
SE3deg. C (-4 deg C)
ouw
9
53
g f:: FLEX A FLEX B FLEX C FLEX D
§ = sect cbr elond flex A Spool elong flex B Spool elong |flex C sect cbr elong |flex C
e 8 (L=193.2) |shortgn (L=99.2) |shorten (L=99.2) |shorten (L=222.8) {shorten
% e2 131C bake 0.434 0.434} |131C bake 0.223 0.223 0.223 0.223 0.500 0.500
.S Shake to 130 | 121Cbake 0.391 121Cbake 0.201
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Light
Water Flow Source
INTRODUCTION

R. T. Avery suggested a method of connecting the water circuits through the magnet
and the Uniflex water cooled power cables which would minimize the vertical thermai
ground motion due to heating of the cables which are installed in underground conduits.
His suggested configuration would minimize the limited amount of flow available to the
storage ring lattice by putting the cable flow in series with the magnet cooling flow. (See
Engineering Note M7168A, LSME-417.) The connection configuration was discussed
and agreed upon among R. Avery, B. Bailey, T. Henderson, J. Krupnick, A. Paterson, K.
Rex and J. Tanabe. The magnets and cables for a single sector were connected in the
suggested configuration during late February, 1992 by a crew headed by Wayne
Oglesby. During preliminary troubleshooting and testing phase of the configuration, a
flaw in the approach became apparent. Water flow through all the magnets in a single
sactor required flow through manifolds in adjacent sectors as well as through the
manifolds in the sector under test. (Some of the flow through a feed manifold in a single
sactor would flow through return manifolds in adjacent sectors. )

it was impossible to isolate the flows through a single sector. Ken Rex suggested that
the flow circuits be simplified by isolating the flows through the power cables from those
through the magnets. In order to recover some of the additional water required by this
scheme, he further suggested that the water through the power feed and power return
cables be connected in series.

This engineering note is written in order to describe the water circuitry through all the
magnets and their power cables, describe a test performed by Ken Rex and Wayne
Qglesby and suggest the installation of orifices in some of the lines in order to restrict
some of the flow.

initial Distribution:
Bob Avery Tom Henderson Bob Miller Wayne Oglesby  Alan Paterson
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MEASUREMENTS

Measurements were performed on the flow through a manifold supplying water to the
magnets and water cables on girder SR10 using a flowmeter on the return leg of the
water supply system. Flow measurements were made with all 17 magnets connected to
the manifolds, then with each magnet removed from the circuit by "pinching" off and
stopping the flow in one magnet at a time. The flow through each magnet is estimated
by taking the difference between the total flow with and without the particular magnet in
the line. Since the specific flow required by a magnet is as little as 0.3% and ranges as
high as 5% of the total flow through a sector manifold, and since the reading accuracy of
the flowmeter is not very precise for these small flow differentials, the measurements
have a large error bar. Thus, the flow measurements through each magnet reported in
this note must be taken "with a grain of salt". The flows through each magnet were
individually measured during the magnet assembly procedure and are recorded in the
specific magnet travellers. Thus, at best, the pinch tests are only an indication that the
flows are approximately what is expected and, at worst, an indication that there is no
blockage in the line caused by activity between the magnet assembly and installation
onto a sector chamber.

On the other hand, the method of pinching the lines was the only method for estimating
the flow through the power cables which feed the series connected magnets in the
storage ring (gradient magnets, quadrupoles SQFA, and SF and SD sextupole families).
These magnets are fed through water cooled cables which, between the girders, are
installed in conduits which are cast in concrete under the storage ring floor. Because of
alignment precision required for the elements in the storage ring, it was felt that vertical
thermal motions due to the heating of the cables in the underground conduits should be
minimized. Thus, it is important to provide sufficient water through the power cables to
limit the temperature rise through these cables to some small value (say a few degrees
C).

The following tables summarize the measurements and the calculations of the
| predicted temperature rise in each of the magnet systems and in the cables based on
the measurements made by Ken Rex on storage ring girder SR10.

FOR THE MAGNETS:

"Unpinched"” Flow = 33.20 gpm

Flow Through a Circuit = Unpinched Flow - Pinched Flow
A p = pressure drop )

Apa QN where:
P Q =Flow

1 0.5714
QoaApr1s — Q@eopsi= Q@ 82psi g—g)
AT = Temperature Rise in °C

3.8-P
where: | P = Power in kW

AT=
Q =Flow in gpm
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Ma gnets Pinched |Flow @ | Flow @ | Resistance Max. Max. AT
Flow 82 psi |60 psi Current | Power

(gpm) |(gpm) [(gpm) §1{Q) (Amps) |(kW) |(°C)
Gradient Magnet 1-Top Coil 31.90 1.30 1.09 0.0067 911 5.56| 19
Bottom Coil 31.80 1.40 1.17 0.0067 911 5.56| 18
Gradient Magnet 2 -Top Coil 31.85 1.35 1.13 0.0067 911 5.56| 189
Bottom Coil 31.80 1.40 1.17 0.0067 911 5.56| 18
Gradient Magnet 3 -Top Coil 31.60 1.60 1.34 0.0067 911 5.56| 16
Bottom Coil 31.50 1.70 1.42 0.0067 911 5.56] 15
SQFA Quadrupole 1 32.40| 0.80f 0.67 0.0266 488 6.33| 36
SQFA Quadrupole 2 32.40} 0.80] 0.67 0.0266 488 6.33| 36
SQF Quadrupole 1 32.60% 0.60 0.50 0.3610 112 4.53| 34
SQF Quadrupole 2 32.60| 0.60 0.50 0.3610 112 4.53| 34
SQD Quadrupole 1 32.40| 0.80 0.67 0.2470 117 3.38] 19
SQD Quadrupole 2 32.40| 0.80| 0.67 0.2470 117 3.38| 19
SF Sextupole 1 31.40 1.80 1.51 0.0183 378 2.61 7
SF Sextupole 2 31.50 1.70 1.42 0.0183 378 2.61 7
SD Sextupole 1 31.50 1.70 1.42 0.0183 378 2.61 7
SD Sextupole 2 31.50 1.70 1.42 0.0183 378 2.61 7
Steering Magnet 1 33.15| 0.05| 0.04|.1083/.0425| 50/100| 0.695}"66
Steering Magnet 2 33.02| 0.18] 0.15|.1083/.0425]| 50/100| 0.695} 18
Steering Magnet 3 33.00 0.20f 0.17].1083/.0425] 50/100] 0.695] 16

*Steering magnet 1 appears to have a high temparature. Flow measurements at these small values are questionable.

FOR THE MAGNET CABLES:
"Unpinched" Flow = 14.40 gpm
Flow Through a Circuit = Unpinched Flow - Pinched Flow

-1 .57
QaApiis — Q@ sopsi= Q@ 92 psi (g%)ﬁ "
Gradient Magnet Cable Length = 788 + 159 + 159 + 676 = 1782 inches = 148.50 ft.

Gradient Magnet Cable = 750 MCM Cable = 16.26 p€/ft.

SQFA Quadrupole Cable Length = 822 + 192 + 746 = 1760 inches = 146.67 ft.
SQFA Quadrupole Cable = 500 MCM Cable =24.40 pQ/ft.

SD Sextupole Cable Length = 810 + 228 + 750 = 1788 inches = 149.00 ft.

SD Sextupole Cable = 350 MCM Cable = 34.86 pnQ/ft.
SF Sextupole Cable Length = 804 + 150 + 761 = 1715 inches = 142.92 fi.

SF Sextupole Cable = 350 MCM Cable = 34.86 p /ft.

Cables Pinched | Flow @ | Flow @ Length | Resistance | Max. Max. AT@
Flow 92 psi |60 psi Current | Power |60 psi
(gpm}) 1{(gpm) |(gpm} |(ft.) (mQ) (Amps) | (kW) 1(°C)

Gradient Magnet 11.23 3.17 2.481 148,50 2.41 911] 2.0039 3.1

SQFA Quadrupole 10.69 3.71 2.91] 146.67 3.58 4881 0.8522 1.1

SD Sextupoles 10.87 3.53 2.77]| 149.00 5.19 378] 0.7422 1.0

SF Sextupoles 10.87 3.53 2.77] 142.92 4.98 3781 0.7119 1.0]

rth le flows. it is recommen dd an orifi he SQFA drupol D
xtupole and the S xtupole le water circuits in order to e their flow

approximately 1.5 gpm @ 60 psi. This will conserve water and increase the temperature
rise in these circuits to approximately 2°C.
)0.5714

At92psiAp, Q@ozpsi=1.5 (ﬂ

0 = 1.9 gpm.
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